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(57) ABSTRACT

A disk drive comprising a read channel including a decoder
and an EP umt, and a disk controller including an error
correction unit 1s disclosed. The EP unit generates error
positional information showing an error position among data
output from the decoder. The disk controller has an EP builer
memory accumulating the error positional information. The
error correction unit executes error correction by using
highly accurate error positional information from the EP
bufler memory.
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METHOD AND APPARATUS FOR ERROR
CORRECTION OF READ DATA IN A DISK
DRIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2002-160689, filed May 31, 2002, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to the field of disk
drives, and 1n particular, to an error correction technique at
the time of a read operation.

2. Description of the Related Art

Generally, disk drives, a typical example of which 1s a
hard disk drive, record data on a disk medium and read data
from the disk medium by means of a head. In this read
operation for reading data, the data 1s reproduced (decoded)
by a read channel from a data signal output from the head
into user data which i1s the original recorded data.

In the read operation, there are cases 1n which an error
arises 1n a data bit row included 1n the data signal due to
eflects such as noise. In a normal disk drive, ECC data which
1s necessary for error detection and correction (ECC) pro-
cessing 1s added to user data (data in units of sectors)
recorded on a disk medium. A disk controller (HDC) of the
drive has an error correction unit which executes the error
detection/correction processing by using the user data and
the ECC data output from the read channel.

The error correction unit of the HDC can exhibit a good
error correction ability 11 error positional information show-
ing the error position at which an error occurred 1n the user
data can be acquired. Among read channels 1n recent years,
there has been developed a read channel including an
crasure pointer (hereinafter called “EP umt”) generating
error positional information from the decoded output of the
user data.

The EP unit generates error positional information in
which, for example, a bit position which cannot be distin-
guished as either “0” or “1” 1n a bit row of the data 1s made
to be erasure. Namely, the error positional information 1s
information showing an error position at which there 1s a
high possibility that an error has occurred. However, there
are cases 1n which information, 1n which an area where an
error has actually not occurred 1s also indicated as an error
position, 1s included in the error positional nformation
generated by the EP unit. In the error correction unit, 1f error
positional information having low reliability 1s used, there 1s
the possibility that the error correction ability will deterio-
rate more than 1n the case in which error positional 1nfor-
mation 1s not used.

BRIEF SUMMARY OF THE

INVENTION

In accordance with one embodiment of the present inven-
tion, there 1s provided a disk drive including error correction
unit for correcting data read from a disk medium using
reliable error position information.

The disk drnive comprises a read umt which reads data
recorded on the disk medium; an erasure unit which gener-
ates error positional mformation for specifying an error
position having a high possibility of error among the data
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read by the read unit; a storage unit which accumulates the
error positional information; and an error correction unit
which executes error correction processing ol data read by
the read unit, by using the error positional information
accumulated 1n the storage unit.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate embodi-
ments of the mvention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the 1nvention.

FIG. 1 1s a block diagram showing main portions of a disk
drive according to an embodiment of the present invention.

FIG. 2 1s a block diagram showing main portions of a disk
controller according to the embodiment.

FIG. 3 15 a flowchart for explanation of the procedures of
error correction operation according to the embodiment.

FIG. 4 1s a block diagram showing main portions of a disk
controller according to a modified example of the embodi-
ment.

FIG. 5 1s a flowchart for explanation of a method of
processing error positional information according to the
modified example.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Hereinatter, an embodiment of the present invention will
be described.

(Configuration of Disk Drive)

As shown in FIG. 1, a disk drive has a disk medium 1
which 1s a recording medium, a spindle motor (SPM) 2, and
a magnetic head 3.

At the time of read/write operation (recording playing-
back operation) of data, the disk medium 1 1s rotated at high
speed by the SPM 2. The disk medium 1 1s a magnetic
recording medium recording data by a magnetic recording
system.

The magnetic head 3 has a read head for reading data and
a write head for writing data. The magnetic head 3 has a
structure 1n which the read and write heads are separately
mounted on the same slider. Further, the magnetic head 3 1s
configured so as to be moved 1n a radial direction on the disk
medium 1 by being loaded on a head moving mechanism
which is called an actuator. The read head 1s a read-dedicated
head for reading data signals from the disk medium 1, and
1s generally formed from a giant magnetoresistance eflect
type element (a GMR eclement or a spin valve type MR
clement). On the other hand, the write head 1s an inductive
head, and generates a recording magnetic field 1n accordance
with the write current supplied from a write amplifier, and
magnetically records the data signal on the disk medium 1.

Moreover, the disk drive has a pre-amplifier circuit 4, a
read/write channel (data channel) 3, a disk controller (HDC)
6, and a microprocessor (CPU) 8. The CPU 8 1s the main
control unit of the drive, and controls the positioning opera-
tion of the head 3 and the read try operation.

The pre-amplifier circuit 4 has a read amplifier and a write
amplifier. The read amplifier amplifies the data signal (read
signal) read by the read head, and transmits it to a read
channel 10 of the read/write channel 5. The write amplifier
converts the data signal (write data WD) supplied from a
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write channel 11 of the read/write channel 5 into write
current and transmits 1t to the write head.

The read/write channel 5 1s formed from the read channel
10 and the write channel 11. The write channel 11 executes
processing such as encoding processing and recording com-
pensation processing with respect to the write data WD from
the disk controller (HDC) 6.

The read channel 10 1s usually a PRML (partial response
maximum likelihood) type signal processing circuit, and,
broadly divided, has an AGC amplifier 100, a signal pro-
cessing unit 101, a decoder 102, and an EP (erasure pointer)
unit 103. The AGC amplifier 100 has an AGC (automatic
gain control) function, and maintains the level of a data
signal at a constant level. The signal processing umt 101 1s,
for example, a digital signal processing unit including, for
example, a lowpass filter, an A/D (analog-to-digital) con-
verter, a digital equalizer, and the like. The decoder 102
decodes the data signal (digital signal) output from the
signal processing unit 101 into original recorded data (user
data RD).

The EP unit 103 generates error positional information EP
showing a position where there 1s a high possibility that an
error has occurred, among the data (user data RD) output
from the decoder 102. The error positional mnformation EP
1s information 1 which a bit position, which cannot be
distinguished as either “0” or “17, for example, among data
of 8 bits, 1s made to be an erasure. Alternatively, the error
positional information EP 1s mformation which shows an
error positional area showing a data area of 8 bits where
there 1s a high possibility that an error has occurred.

The HDC 6 configures an interface between the disk drive
and a host system 7, and receives the write data WD from the
host system 7, and has the function of transmitting the user
data (RD) which 1s the read data to the host system 7.

Configuration of HDC 6

As shown 1n FIG. 2, the HDC 6 of the embodiment has an
error correction unit (ECC unit) 60, a data buller memory
61, an EP bufler memory 62, and an EP imnformation extrac-
tion unit 63. Note that, in addition thereto, the HDC 6
includes a data transmitting circuit and a data (including
commands) sending/receiving circuit which structure the
host interface with the host system 7.

The data bufler memory 61 i1s a buller memory for
temporarily storing the user data RD transmitted from the
read channel 10. The data bufler memory 61 usually stores
user data 1n units of sectors. On the other hand, the EP bufler
memory 62 accumulates the error positional information EP
output from the EP unit 103 included 1n the read channel 10.
The EP bufler memory 62 accumulates, 1n addition to the
most recent error positional immformation EP1, a predeter-
mined amount of past error positional information EP2, EP3,
1.€., the history of the error positional information.

The EP information extraction unit 63 extracts (selects)
highly accurate error positional information from among the
present and past error positional information EP1 to EP3
accumulated 1n the EP bufller memory 62, and outputs it to
the error correction unit 60. The error correction unit 60
executes error correction processing ol the user data stored
in the data bufler memory 61 by using the ECC data
transmitted from the read channel 10. At this time, the error
correction unit 60 estimates the error position of the user
data RD from the error positional information.

Error Correction Operation

The error correction operation of the present embodiment
will be described with reference to the flowchart of FIG. 3
in addition to FIGS. 1 and 2.
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Here, a read operation of reading the user data from a
designated recording area (a designated data sector included
in a designated track) on the disk medium 1, 1s supposed. In
the read operation, the CPU 8 of the drive positions the read
head 1included 1n the head 3 on a designated track on the disk
medium 1.

The read channel 10 inputs, via the read amplifier, the data
signal read by the read head, and reproduces the user data
(1including the ECC data) RD via the AGC amplifier 100, the
signal processing unit 101, and the decoder 102. Here, the
EP unit 103 generates error positional information EP from
the user data RD decoded by the decoder 102.

The HDC 6 stores the user data RD transmitted from the
read channel 10 in the data buller memory 61 at the time of
the read operation, and accumulates the error positional
information EP 1n the EP builer memory 62 (step S1). Here,
the read channel 10 transmits the user data in units of, for
example, 8 bits to the HDC 6. The error positional infor-
mation EP i1s information showing an error position (bit

position) where there 1s a high possibility that an error has
occurred. The data (bit) at which there 1s a high possibility
that an error has occurred 1s an erasure which cannot be
distinguished as either of “0” or “17.

At the time of the read operation, when a read error does
not occur or when a read error can be corrected, the HDC 6,
as needed, proceeds to data transmission processing for
transmitting to the host system 7 the user data RD stored in
the builer memory 61 after the error areas were corrected
(NO at step S2, S7).

On the other hand, at the time of the read operation, when
the error correction unit 60 of the HDC 6 detects a read error
which cannot be corrected by one read operation, the CPU
8 proceeds to the read try operation (YES at step S2, S3).
Namely, the CPU 8 executes the read operation again with
respect to the recorded area where the read operation has
been executed on the disk medium 1. The CPU 8 repeats the
read try operations a predetermined number of times. If the
read error still cannot be corrected, the CPU 8 gives a
notification that the error cannot be recovered to the host
system 7 via the HDC 6.

At the time of this read try operation, 1n the same way as
at the time of the read operation, the HDC 6 stores the user
data RD transmitted from the read channel 10 1n the data
buffer memory 61, and accumulates the error positional
information EP in the EP bufler memory 62 (step S4).
Accordingly, the most recent to the past error positional
information EP1 to EP3 are accumulated in the EP bufler
memory 62.

The EP information extraction unit 63 estimates a highly
accurate error position among the user data RD by using the
most recent to the past error positional information EP1 to
EP3 accumulated 1in the EP bufler memory 62 (step S5).
Specifically, for example, among the error positional infor-
mation EP1 through EP3 obtained by read operations (read
try operations) of three times, only an error position detected
as an error position by read operations of two times or more
1s estimated as highly accurate error positional information.
In other words, the EP information extraction unit 63 selects,
as highly reliable information, an error positional informa-
tion showing an error position whose error Irequency 1s
relatively high among the user data RD of, for example, 8
bits.

The error correction unit 60 executes the error correction
processing of the user data held 1n the data bufler memory
61 by using the ECC data transmitted from the read channel
10 (step S6). At this time, the error correction unit 60

estimates the error position of the user data RD from the
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highly accurate error positional information extracted (se-
lected) by the EP information extraction unit 63. The HDC
6 proceeds to the data transmission processing for transmit-
ting the user data RD, for which the error correction pro-
cessing 1s completed, from the data bufler memory 61 to the
host system 7 (step S7).

As described above, 1n accordance with the error correc-
tion system of the present embodiment, the error correction
processing with respect to the user data RD 1n which a read
error has occurred 1s executed by using the error positional
information EP obtained from the read channel 10 at the
time of the read operation (including the read try operation).
The HDC 6 of the present embodiment can use only the
highly accurate error positional information by using the
most recent to the past error positional information EP1 to
EP3 accumulated 1n the EP bufler memory 62 by the EP
information extraction unit 63. Accordingly, because the
error correction unit 60 can estimate a highly accurate error
position, the error correction unit 60 can execute the error
correction processing with respect to the user data RD with
a high error correction ability.

Note that, 1n the present embodiment, the error positional
information EP1 through EP3 showing the error position
(bit) of the user data RD of, for example, units of 8 bits, 1s
accumulated 1n the EP bufler memory 62. The configuration
of the error positional information EP1 to EP3 may be a
configuration 1n which information of, for example, several
bits per symbol (8 bits) 1s allocated, and mmformation of
several bits corresponding to the symbol 1s incremented (+1)
cach time of receiving obtained error positional information
accompanying the execution of the read operation. Further,
it may be a configuration in which information of one bit 1s
allocated per symbol, and information of one bit correspond-
ing to the symbol 1s ANDed each time of receiving obtained
error positional information accompanying the execution of
the read operation. In brief, bit information formed from one
bit or several bits per symbol may be allocated as the error
positional information accumulated 1n the EP bufler memory
62, and the operational results of executing a predetermined
operation with respect to the bit information corresponding
to the symbol of the most recent error positional information
may be used.

Modified Example

FIGS. 4 and 5 are drawings according to a modified
example of the present embodiment.

The modified example 1s a configuration having a deter-
mimng umt 64 for estimating in advance an area (bit
position) at which highly reliable error positional informa-
tion can be obtained from the past error positional informa-
tion accumulated 1n the EP builer memory 62.

Specifically, as shown 1n FIG. 4, the HDC 6 according to
the modified example has, in addition to the determining unit
64, an extraction unit 65 for extracting only the highly
accurate error positional mformation from the error posi-
tional information output from the EP unit 103 included in
the read channel 10. Note that configurations other than this

structure are similar to the structures shown in FIGS. 1 and
2.

The configuration and operations of the modified example
will be described with reference to the tlowchart of FIG. S.
First, 1n the present embodiment, the HDC 6 stores the
user data RD transmitted from the read channel 10 in the
data buller memory 61 at the time of the read operation, and
accumulates the error positional information EP in the EP

bufler memory 62.
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The determining unit 64 estimates 1n advance an area (a
range ol error bit positions) at which highly reliable error
positional information can be obtained, from the past error
positional information accumulated 1n the EP builer memory
62 (step S10). Moreover, the determining unit 64 generates
window information which 1s necessary for making only the
error positional information of the estimated area pass
through, and outputs 1t to the extraction unit 63 (step S11).

When the most recent error positional information 1s input
from the EP unit 103 of the read channel 10, the extraction
unit 65 allows passage of (extracts) only the error positional
information in the estimated area as an error position by
means of the window information from the determining unit
64 (step S12).

The error correction unit 60 executes error correction
processing of the user data held 1n the data bufler memory
61 by using the ECC data transmitted from the read channel
10. At this time, the error correction unit 60 estimates the
error position of the user data RD from the most recent and
highly reliable error positional information which has been
extracted (which has been passed through) by the extraction
unmt 65. Thereafter, the HDC 6 proceeds to the data trans-
mission processing for transmitting the user data RD, for
which the error correction processing 1s completed, from the
data buller memory 61 to the host system 7.

In brief, the modified example can exclude the error
positional information outside of the estimated area from
among the most recent error positional information by
estimating 1n advance an area (a range of error bit positions)
at which highly reliable error positional information can be
obtained 1n advance from among the past error positional
information. Accordingly, because the error positional infor-
mation included in the area at which errors originally do not
arise can be excluded, the error correction unit 60 can carry
out error correction processing by using only highly reliable
information.

As described above, in brief, in accordance with the
present embodiment and the modified example thereof, the
error positional information which can be obtained from the
EP unit 63 are accumulated, and error positional information
which has relatively high reliability 1s selected from among,
the plurality of error positional information. As a result, in
data 1n which an error occurs, a highly accurate error
position can be estimated by using highly reliable error
positional information. In accordance therewith, the error
correction ability of user data in which a read error arises can
be 1mproved.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A disk drive using a disk medium for recording data,
comprising:

a head which reads data recorded on the disk medium:;

a read unit which includes a decoder for decoding the data

read by the head and a generator unit for generating
error positional information for specilying an error
position having a possibility of error among the data
output from the decoder;

a storage unit which accumulates the error positional

information including the history of the error positional
information;
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an extraction unit which extracts error positional infor-
mation having relatively high reliability from among
the error positional information accumulated i the
storage unit; and

an error correction unit which executes error correction
processing ol data output from the read unit, by using
the error positional information extracted by the extrac-
tion unit.

2. The disk drive according to claim 1, wherein

the storage unit stored information showing a recorded
area on the disk medium on which the data 1s recorded
1s, together with the error positional information.

3. The disk drive according to claim 1, wherein

the generator unit generates error positional information
showing a bit position estimated to be an error among,
data decoded by the decoder included 1n the read unat.

4. The disk drive according to claim 1, wherein

the generator unit generates error positional mnformation
showing an error positional area formed from a prede-
termined number of bits which 1s estimated to be an
error among data decoded by the decoder included 1n
the read unit.

5. The disk drive according to claim 1, wherein

the generator unit generates error positional mnformation
to which 1s allocated bit information formed from one
bit or several bits per symbol of data output from the
decoder.

6. The disk drive according to claim 1, further comprising:

a control unit which executes a read try operation execut-
ing a read operation of data again from the same
recorded area on the disk medium when an error of the
data output from the read unit cannot be corrected by
the error correction unit.

7. The disk drive according to claim 6, wherein

when the read try operation 1s executed by the control
umit, the storage umit stores the error positional nfor-
mation generated by the generator unit.

8. The disk drive according to claim 1, wherein

the extraction unit extracts error positional mnformation
showing an error position which has a relatively high
frequency from among the error positional information
stored 1n the storage unit.

9. The disk drive according to claim 1, further comprising;:

a disk controller which includes a bufler memory that
stores data output from the read unit, and which
executes data transmission with respect to a host sys-
tem from the buller memory,

wherein the storage unit and the error correction unit are
included 1n the disk controller.

10. A disk controller for transferring data output from a

read unit to a host system 1n a disk drive, comprising:

a bufler memory which stores data output from the read
unit;

a storage unit which accumulates error positional infor-
mation output from the read unit, the error positional
information specitying an error position having possi-
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bility of error among the data and including the history
of the error positional information;

an extraction unit which extracts error positional infor-

mation having relatively high reliability from among
the error positional information accumulated 1n the
storage unit; and

an error correction unit which executes error correction

processing of the data stored in the builer memory, by
using the error positional information extracted by the
extraction unit.

11. The disk controller according to claim 10, wherein the
error positional information 1s generated by an erasure unit
included 1n the read unit, and shows

a bit position estimated to be an error.

12. The disk controller according to claim 10, wherein the
error positional information 1s generated by an erasure unit
included 1n the read unit, and shows

an error positional area formed from a predetermined

number of bits which 1s estimated to be an error.

13. The disk controller according to claim 10, wherein

the disk drive executes a read try operation executing a
read operation of data again from the same recorded
area on the disk medium when an error of data read
from the disk medium cannot be corrected by the error
correction unit, and

the storage unit stores the error positional nformation
accompanying the read try operation.

14. The disk controller according to claim 10, wherein

the extraction unit extracts error positional mnformation
showing an error position which has a relatively high
frequency from among the error positional information
accumulated in the storage unit.

15. A method of error correction of data output from a

read unit 1n a disk drive, the method comprising:

generating error positional information for specifying an
error position having a possibility of error among the
data;

accumulating the error positional information including
the history of the error positional information 1n
memory;

extracting error positional information having relatively
high reliability from among the error positional nfor-
mation accumulated in the memory; and

executing error correction processing of the data output
from the read unit, by using the error positional 1nfor-
mation extracted from the memory.

16. The method according to claim 15, further compris-

ng:

executing a read try operation when an error arises 1n the
read data at a first read operation; and

accumulating, in the-memory, plural 1tems of error posi-
tional information obtained by the read operation and
the read try operation.
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